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PSYCHROPHILIC PROTEASE AND PSYCHROPHILIC BACTERIA 

BACKGROUND OF THE INVEhrTION 
Field of the Invention 
5 The present invention relates to a protease having 

a high activity at a low temperature range, its use and a 
psychrophlllc bacterium producing the protease. 
Background Art 

Psychrophlllc bacteria have been knovm for a long 
10 time, and their existence can be confirmed extensively in 
low temperature circumstances. Psychrophlllc bacteria can 
be isolated from various low temperature circumstances such 
as soil, fishery products, milk products as well as 
artificial low temperature circumstances* Studies on 
15 psychrophlllc bacteria have been conducted from the food 
microbiological requirement but principally confined to 
those with respect to the phylogeny of microorganisms. 

Meanwhile, enzymes obtained from psychrophlllc 
bacteria are expected to be the psychrophlllc enzymes 
20 having an optimal temperature in a low temperature range. 
The psychrophlllc enzyme which works efficiently at low 
temperatures is considered capable of being Incorporated 
into for example a detergent which can be used even in 
water at a low temperature. It is also considered to be 
25 employed for the chemical reaction in the presence of an 
organic solvent which is volatile at the room temperature 
and for improving the quality of foods at a temperature 
that the foods will not be rotten. Furthermore, the study 
on the enzyme derived from the psychrophlllc bacteria is 
30 fairly interesting to reveal the physiological functions 
and adaptation mechanism to a low temperature of the 
psychrophlllc bacteria. 

SUMMARY OF THE INVENTION 
We have now found a novel bacterium strain which 
35 produces a novel psychrophlllc protease. 

Accordingly, an obj ct of the present invention is 
to provide a novel psychrophlllc protease. 
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Another object of the present invention Is to 
provide a novel microorganism which produces the 
psychrophilic protease. 

Further object of the present invention is to 
5 provide a process for preparing the psychrophilic protease 
with the novel microorganism. 

The psychrophilic protease according to the present 
invention has the following physicochemical properties* 

- Specific activity and substrate specificity: the 
10 protease acts on casein and dime thy Icasein to decompose 

them but does not act on ribonuclease. 

- Optimal temperature: the protease has an optimal 
acting temperature at about 40^0. 

* Temperature stability: under the condition of 
15 storage at pH 7 for 1 hour, it is scarcely inactivated at 

a temperature up to 30^, but at 40^ it loses about 40% of 
the activity, and at SO'C it is rapidly inactivated so that 
the activity is completely abolished in about 15 minutes. 

Furthermore, according to the preferred embodiment 
20 of the present invention, the present protease also has the 
following physicochemical properties: 

- Optimal pH: the protease acts optimally at pH 

7.5; 

^ Stable pH range; the protease is stable at a pH 
25 in the range of 6.0 - 10.0 under the condition of storage 
at 20^ for 1 hour; 

* Molecular weight: about 38 kDa (the SDS-PAGE and 
gel filtration methods); 

- Isoelectric point: about 4.5. 

30 Furthermore, the novel microorganism according to 

the present Invention is Flavobacterlum balustlnum having 
the psychrophilic protease producing ability described 
above. 

In addition, the process for preparing the 
35 psychrophilic protease according to the present invention 
comprises culturing Flavobacterlum balustlnum described 
above, and collecting the psychrophilic protease from the 
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culture, 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a graph illustrating the result of 
Example 2, or shows the relationship between temperature 
5 and the activity of proteases derived from the strain P104 
and the protease, Subtilysin Carlsberg. 

Figure 2 is a graph illustrating the result of 
Example 4 (2), or shows the influence of initial pH on the 
activity and growth of the extracellular protease of 
10 Flavobacterium balustinum P104. 

Figure 3 is a graph illustrating the result of 
Example 4 (3), or shows the influence of culturing 
temperatures on the activity and growth of ^he 
extracellular protease of Flavobacterium balustinum P104. 
15 Figure 3 (A), (B) and (C) show the results at lOX;, 20'C, 
and 30'C, respectively. 

Figure 4 is a graph illustrating the result of the 
elution by gel filtration in Example 5 (2) (b). 

Figure S is a graph illustrating the result of the 
20 elution by chromatography in Example 5 ( 2 ) ( c ) . 

Figure 6 illustrates the result of SDS-PAGE for the 
measurement of molecular weight in Example 6. 

Figure 7 is a calibration curve for the measurement 
of molecular weight in Example 6. 
25 Figure 8 is a calibration curve of gel filtration 

for the measurement of molecular weight in Example 6. 

Figure 9 illustrates the result of isoelectric 
focusing in Example 7. 

Figure 10 is a calibration curve of isoelectric 
30 focusing in Example 7. 

Figure 11 is a graph illustrating the result of 
Example 8, or shows the influence of pH on the enzyme 
reaction of the enzyme of the present invention. 

Figure 12 is a graph illustrating the result of 
35 Example 9, or shows the stability of the enzyme of the 
present invention to pH. 

Figure 13 is a graph illustrating the result of 
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Example 10, or shows the influence of temperature on the 
enzyme reaction of the enzyme of the present invention. 

Figure 14 is a graph illustrating the result of 
Example 11, or shows the stability of the enzyme of the 
5 present invention to temperature. 

Figure 15 is a graph illustrating the result of 
Example 13, or a graph illustrating the influence of the 
protein modifier SDS on the enzyme of the present 
invention . 

10 Figure 16 is a graph illustrating the result of 

Example 13, or a graph illustrating the influence of the 
protein modifier urea on the enzyme of the present 
invention. 

Figure 17 is Lineweaver-Burk plot of the enzyme of 
IS the present invention examined in Example 16. Figure 17 
(A) and (B) show the change in 1/v value in the range of 
0 to 2.0, and in the range of 0 to 0.2, respectively. 

DETAILED DESCRIPTION OF THE INVENTION 
Novel protease producing bacterium 
20 The novel protease according to the present 

invention is produced by microorganisms which belongs to 
Flavobacterium genus and have the ability to produce a 
protease having the properties described above. 

A specific example of the microorganisms having the 
25 ability to' produce a protease according to the present 
invention preferably includes Flavobacterium balustinum 
P104. This strain is a microorganism isolated from the 
internal organs of salmon and has been deposited in 
National Institute of Bioscience and Human-Technology, 
30 Agency of Industrial Science and Technology as the deposit 
number of PERM BP-5006 on February 17, 1995. 

The bacteriological properties of Flavobacterium 
balustinum P104 according to the present invention are 
listed in the following. 
35 (1) Morphological property 

The strain is in the form of short bacillus having 
a size of 0,4 - 0.5 x 1.7 - 1.9 pm. 
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(2) Nature on the culture medium 

The strain grew on an agar medium and produced a 
yellow pigment <. 

(3) Optimal condition of growth 

5 pH: The strain grew at a pH in the range of 5 - 9, 

and the optimal pH for growth was around neutrality. 

Temperature: The strain grew at a temperature in 
the range of 10 ~ 30^, and the optimal temperature for 
growth was around 2QX^, 
10 (4) Distinction between aerobic and unaerobic bacteria: 
aerobe . 

(5) Gram stain: negative, 

(6) Biochemical properties 

Flavobacterium baluatinum P104 had the main 
15 biochemical properties shown in Table 1 below. 

Table 1 

Test items Results 

Galactosidase 
20 Arginine dihydrolase 

Lysine decarboxylase 

Ornithine decarboxylase 

Utilization of citric acid 

Production of hydrogen sulfide 
25 Urease * 

Tryptophan aminase 

Production of Indoles -ft* 

Gelatinase * 

Glucose 
30 D-mannitol 

Inositol 

D-sorbitol 

Rharonose 

Sucrose 
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D-melibiose 
D-amygdalin 
L-arbinol 
Oxidase 

5 

Although the strain seemed to be judged as 
Flavobacterlum indolgenes from these properties, it was 
judged suitable to be classified into Flavobacteriuro 
balustinmn by the comparison of the base sequence of DNA 

10 coding for 16S rlbosomal RNA as is below described in 
Example 3 with the base sequence in a known microorganism. 

For the culture of the strain, the culture medium 
may be either liquid or solid, but shaking culture or 
aeration culture with a liquid culture medium is generally 

15 used. 

The culture medium for culturing the microorganism 
may be any one which is suitable for growth and can produce 
protease. Specifically, examples of the carbon source 
include glucose, trehalose, fructose, maltose, sucrose, 

20 starch, and malt oligo- saccharides. Examples of the 
nitrogen source include yeast extract, malt extract, beef 
extract, soybean powder, cotton seed powder, corn steep 
liquor, various amino acids and their salts, and nitrates • 
It is also possible to use synthetic media or natural media 

25 which contain properly inorganic salts such as magnesium, 
calcium, sodium potassium, iron and maganese phosphate, and 
the other nutrients according to necessities. 

Culturing conditions such as the pH and temperature 
may be determined within the ranges of producing protease, 

30 liquid shaking culture or aeration agitation culture is 
preferably carried out at a pH around neutrality and at a 
temperature of about 20^. 

The protease of the present invention is produced 
in the cell wall of the bacterial cell, within the cell, 

35 and in the supernatant of the culture solution, and may be 
in either form f the bacterial cell, a crude enzyme 
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obtained from the bacterial cell or the supernatant of the 
culture solution, or of an extracted and purified enzyme. 
It is also possible to be in the form of protease 
inunobilized on a substrate by the well-knovm method. 
5 Collection of the Enzyme 

In order to collect and purify the protease 
according to the present invention from the culture 
solution, the well-known methods can be used alone or in 
combination thereof. 

The protease according to the present invention is 
mainly excreted extracellularly, namely into a culture 
solution, so that the bacterial cell can be easily removed 
for example by filtration or centrifugation to obtain a 
crude enzyme solution. The crude enzyme solution can be 
further purified by a known method. The method includes 
preferably the salting-out method with a salt such as 
ammonium sulfat; the precipitation method with an organic 
solvent such as methanol* ethanol or acetone; the 
adsorption method with raw starch; the ultrafiltration 
method; and a variety of chromatographical methods such as 
gel filtration chromatography or ion exchange 
chromatography. Specific examples of the preferred methods 
are described in Examples below. 
Property of Protease 

The proper^ of the protease according to the 
present invention was examined, and the results are shown 
below. 

(1) Activity and substrate specificity 

The present enzyme decomposed well macromolecular 
proteins such as casein or dlmethylcasein or denaturated 
proteins. It also decomposed gelatin which is the 
denaturated protein of collagen in a proportion of about 
50% as compared with the case of casein. It acted however 
little on the other natural proteins, and it did not act 
at all particularly on ribonuclease. 

Industrially used proteases such as subtillsin may 
have no substrate specificity and act on almost of 
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proteins. On the contrary, the enzyme of the present 
invention acts only on roacromolecular proteins or on 
denaturated proteins into which the enzyme gets 
comparatively easily. 
5 A protease which resembles the enzyme of the 

present invention and derived from psychrophilic bacterium, 
Pseudomonas fluorescens , has successfully decomposed 
macromolecular proteins such as casein or dimethylcasein 
or denaturated proteins. However, the protease, which is 

10 distinct from the enzyme of the present invention, also 
decomposes natural globular proteins such as hemoglobin and 
bovine serum albumin in a proportion of about 40% as 
compared with the case of dimethylcasein. Thus, the enzyme 
of the present invention is likely to have a substrate 

15 specificity higher than the well-known enzymes. 

( 2 ) Optimal temperature and stable temperature 

The enzyme of the present invention acts at a 
temperature of about 40^. 

Under the condition of storage a*t pH 7 for 1 hour, 
20 it is scarcely inactivated up to 30^, but at 40^0 it loses 
about 40% of the activity. At 50^, it is rapidly 
inactivated so that the activity is completely abolished 
in about 15 minutes. 

The enzyme of the present invention thus is the so- 
25 called psychrophilic enzyme which exhibits efficiently 
catalytic action at a low temperature. 

(3) Optimal pM and stable pH range 

The enzyme of the present invention has an optimal 
pH of 7.5. 

30 F\irthermore, it is stable at a pH in the range of 

6.0 - 10.0 under the condition of retention at 20^0 for 1 
hour. 

The enzyme is thus a neutral protease, which will 
not work in an extremely acidic or alkaline range. 
35 Furthermore, it will be inactivat d during storage in an 
extremely acidic or alkaline range. 

(4) Molecular weight 
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The enzyme of the present invention has a molecular 
weight of about 38 kDa as measured by SDS-PAGE and gel 
filtration methods. 

(5) Isoelectric point 

The enzyme of the present invention has an 
isoelectric point of about 4,5 as measured by isoelectric 
focusing . 

(6) Inhibition of activity 

The protease activity of the enzyme is not 
inhibited by phenylmethyl-sulfonyl fluoride or 
lodoacetamlde, but inhibited noticeably by 
ethylenediaminetetraacetic acid, 2,2-blpyrldyl, citric acid 
or oxalic acid. The protease activity is thus found to 
depend on a metal ion, so that it is suggested that the 
enzyme of the present invention is a metal protease. It is 
also considered from the inhibition of the protease 
activity by either of citric acid and oxalic acid that the 
activity depends on calcium. 

In addition, the activity of the enzyme is 
inhibited noticeably by metal ions such as Ag"*", Cu^"*", Zn^*, 
Co2+ and Fe^*, noticeably inhibited by Ag+ Inter alia. 
However, it did not inhibited by either Mg^+ or Ca^"*". 
(7) Enzyme reaction kinetics 

The^ enzyme of the present invention shows the 
Michaelis-Menten type reaction rate to the concentration 
of a substrate such as casein. The Km value decreases and 
the Vaax value Increases along with the increase of 
temperature. Moreover, the Kcat value of the enzyme 
exhibits a remarkably high value in the range from 10 to 
40% • An enzyme is generally tends to be inhibited at an 
excessive amount of substrates. However, the Kcat value 
increases when the system approaches the optimal working 
temperature in the case of the enzyme of the present 
invention. The enzyme is therefore advantageous in the 
point that appreciable inhibition will not be observed by 
decomposed products. It is also believed from the 
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Llneweaver-Burk plotting that inhibition due to temperature 
is of a mixed form, that is, the influence of temperature 
is of non-competitive inhibition or uncompetitive 
inhibition and the influence of decomposed products is of 
5 competitive inhibition. 
Use of enzyme 

The psychrophilic protease according to the present 
invention has an optimal temperature at a low temperature 
range. Thus, according to the psychrophilic protease of the 
10 present invention, it is possible to decompose a protein 
in a low temperature. For instance, a detergent which can 
be used even in water at a low temperature is prepared by 
incorporating the protease of the present invention into 
a detergent composition. This detergent composition can be 
15 prepared according to the conventional method except that 
the psychrophilic protease of the present invention is 
incorporated. Briefly, it can be prepared by combining the 
protease of the present invention with an ordinary 
detergent component such as a surface active agent for 
20 detergent, a bleach or a bilder. 

Furthermore, the enzyme reaction of the 
psychrophilic protease according to the present invention 
can be carried out at a low temperature. Thus, even if the 
reaction system involves an organic solvent which is 
25 volatile a room temperature, the reaction can be 

conducted at a low temperature where the organic solvent 
will not be volatilized. Moreover, when the quality of a 
food is inl:ended to be improved by the protease according 
to the present invention, it is advantageous to employ the 
30 protease of the present invention because the reaction 
proceeds at a low temperature on which the food can be 
effectively prevented from decomposition. 

Furthermore, since the protease according to the 
present invention is provided, advance in the study of the 
35 physiological mechanism of psychrophilic bacteria and their 
application m chanism at a low temp rature is expected. 

The pres nt invention is described below in more 
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detalls with reference to specific examples, but the 
present invention is not intended to be limited thereto. 

In this context, proteins were quantitatively 
determined by the protein staining method, Bio-Rad protein 

5 assay, and the protein fractions of the eluate in the 
chromatographical procedure were determined by the 
absorption in the ultraviolet range at 280 nm unless 
otherwise specified. 

In addition, the activity of protease was measured 

0 as follows. 

(a) Decomposition activity of protein with 
azocasein 

A 0.05 ml portion of a sample enzyme solution was 
added to 0.3 ml of a 0-067M phosphate buffer containing 1% 

5 (W/V) azocasein (pH 7.0), and the mixture was kept at 30'C 
for 30 minutes. The reaction was then terminated with a 6% 
trichloroacetic acid solution. After 15 minutes, the 
reaction mixture was centrifuged at 14,000 rpm at room 
temperature for 5 minutes- The absorbancy of the 

3 supernatant at 340 nm was measured. The enzyme activity was 
defined on the basis of ACU (azocasein digestion unit) 
which means the increase of absorbancy of 0.001 per minute 
at 340 nm. 

(b) Decomposition activity of protein by the 
5 modified Anson method 

A 0.05 ml portion of a sample enzyme solution was 
added to 0.3 ml of a 0.067M phosphate buffer containing 1% 
(W/V) protein (pH 7,0), and the mixture was kept at 30^0 
for 30 minutes. The reaction was then terminated with a 

3 7.5% trichloroacetic acid solution. After 30 minutes the 
reaction mixture was centrifuged at 14,000 rpm at room 
temperature for 5 minutes. The absorbancy of the 
supernatant at 280 nm was measured. The enzyme activity was 
defined on the basis of AU (modified Anson unit) which 

5 means the production of tyrosine in an amount of 1 pmole 
per minute. 
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Example 1 

(1) Screening of novel bacterial strains 

Isolation of a novel bacterial strain was conducted 

on an agar plate medium* An Isolated sample of internal 
5 organs of salmons was suspended in aqueous physiological 

saline, and the supernatant was used as a stock solution. 

A 10^ dilution was prepared from the stock solution. A 0.2 

ml portion of each of the stock solution and the 10^ 

dilution was sprayed on an agar plate medium for screening 
10 (3 g/llter of polypeptone, 10 g/llter of yeast extract, 10 

g/liter of sodium casein, 0.2 g/llter of MgS04 • 7H7O, 2,0 

g/llter of agar, on a 9 cm Petri dish), and cultured at 
for 3 days. Colonies grown well among the colonies 

which had been grown on the agar plate were selected and 
15 subcultured as well as inoculated on an agar plate for 

stock. 

The activity of an exoenzyme was assayed on an agar 
plate medium. The bacterial strain Isolated was Inoculated 
on an agar plate medliam for screening as described above 
20 by streaking and cultured at lO'C for 3 days. A 10% 
trichloroacetic acid solution was then sprayed on the agar 
plate medium on which the bacteria were gro%m to assay the 
protease producing bacterium by the presence of clear 
plaques . 

25 (2) Culturing of the Isolated bacterial strain and 
production of an enzyme 

the Isolated bacterium from the stock medium was 
inoculated on 25 ml of a pre-culture medium (10 g/liter of 
polypeptone, 10 g/llter of endoextract, 0.2 g/llter of 

30 MgS04*7H20, pH 7.0, in a 100 ml Erlenmeyer flask) and 
rotary- shake cultured at 10*C at 150 rpm for 48 hours in 
TAITECNR-80 for stabilizing the growth activity of the 
bacterium. In the regular culture, 0*25 ml of the pre- 
culture solution was inoculated on 25 ml of a medium for 

35 producing enzymes (5 g/llter of polypeptone, 2.5 g/liter 
of yeast extract, 5 g/liter of sodium casein, 0.2 g/llter 
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of MgSO^ ' 7H2O, pH 7,0, on a 100 ml Erlenmeyer flask) and 
rotary-shake cultured at 10*C at 150 rpm in a rotary shaker 
for 72 hours. The culture medium had been previously steam- 
sterilized at 1.2 kgf/cm^ gauge (12l'C) for 15 minutes. 
5 The bacterial strain isolated was stored in an agar 

plate medium for storage at 10^, and subcultured after 2 
weeks - 1 month. 

(3) Measurement of protease activity 

The culture solution obtained in the preceding step 

10 (2) was clarified by centrif ugation (17,000 x g, 15 
minutes). The supernatant was used as a crude enzyme 
solution. The protease activity was measured by the 
decomposition of azocasein. A 0.05 ml portion of the crude 
enzyme solution was added to 0.3 ml of a 0.067M phosphate 

15 solution containing 1% (W/V) azocasein (pH 7.0), and the 
mixture was kept at 20^; for 30 minutes. The reaction was 
then terminated with a 6% trichloroacetic acid solution, 
and after 15 minutes the reaction mixture was centrifuged 
at 14,000 rpm at room temperature for 5 minutes. The 
20 absorbancy of the supernatant at 340 nm was measured with 
a spectrophotometer (Bec)anan DU640). The enzyme activity 
was defined on the basis of ACU (azocasein digestion unit) 
which means the increase of absorbancy of 0.001 per minute 
at 340 nm. 

25 As "the result of procedures in (1) - (3), the 

bacterial strain PI 04 having a protease activity was 
isolated- The! bacterial strain had a protease activity 
shown in the following table. 

In the table, the growth rate of the strain was 

30 obtained by comparing with the growth of the divided 
strain Cytophaga xantha IFO 14972. 



wo 9605489 



PCT/US9M2I1S 



-14. 
Table 2 

Bacterial strain having protease activity 



Strain 



P104 



Growth rate 



+ + + 



Protease activity 
{ X 10^ ACU/ml ) 



0.982 



Example 2 

Protease activity of P104 

Influence of temperature on enzyzn^^ activity was 
examined with a culture solution of the protease producing 

10 strain P104 in the temperature range of 0 - 60^, 
Temperature dependency of enzyme activity was also 
examined in the same way with Subtilisin Carlsberg (Sigma) 
which is a commercially available enzyme protease derived 
from Bacillus licheniformis. 

15 The results are shown in Figiire 1, in which the 

specific enzyme activities for the strain P104 is 
represented by □ and the specific enzyme activities for 
Subtilisin Carlsberg Is represented by A. 

The optimal temperature was 40*C for the 

20 exoprotease of the strain P104 and 60^ or more for 
Subtilisin Carlsberg, respectively. The exoprotease of the 
strain P104 retained the protease activity at 40% or more 
of the activity at the optimal temperature at a 
temperature of about 20^. Subtilisin Carlsberg retained 

25 only about 10% of the protease activity at an optimal 
temperature. 

Further, activation energy of the enzyme reaction 
of these exoproteases was calculated in the range from 10 
to 40"^. The results are shown in the following table. 
30 Table 3 



Bacterial Cell 


Activation Energy (kJ/mole) 


P104 


39.8 


Bacillus subtlUis 


58.3 
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Example 3 

Identification of the strain P104 by the base sequence of 
DNA coding for 16S ribosomal RNA 

The culture solution obtained in Example 2 was 
5 sampled in a 1.5 ml mlcrotube, and the bacteria was 
collected by centrifugation. Genomic DNA was extracted to 
amplify the base sequence of DNA coding for 16S ribosomal 
RNA by PGR (polymerase chain reaction). The base sequence 
was then determined using the Sanger method, compared with 
10 the data base of GenBank for identification. The primers 
used are listed below, and IF-Link and 5R-Link were used 
as PGR. 
Primers : 

IF-Link : 5 * -TGTAAAACGACGGCCAGTAGTTTGATCATGGCTCAG-3 ' ; 
15 3R- Link : 5 ' -CAGGAAACAGCTATGACCCGTCAATTCATTTGAGTT -3 • ; 

3F-Link : 5 ' -TGTTAAAACGACGGCCAGTGTAGCGGTGAAATGCGTA-3 ' ; 
5R-Link : 5 ' -TGTAAAACGACGGCCAGTAAGTCCCGCAACGAGCGCAA-3 ' . 

Results of comparison with the data base of GenBank 
20 are shown in the following tables* In the tables « Query 
represents IGS ribosomal RNA gene derived from the strain 
P104. and Subject represents Flavobact er i urn balustinum 16S 
ribosomal RNA (FVBRR16SH). As a result, the bacterial 
strain was identified as Fl avobact er i urn balustinum . The 
25 strain P104 is thus referred as Flavobacterium balustinum 
P104. 
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(a)Uscd primer IF-Link 

Identities = 185/204 (90%), Positives = 185/204 (90%) 

Query:! CATCAACCCTAOCOGGAGGC 

Sbjct:3l GA TNA ACCCTaGCGCGA GGC 
Qttciy:2l CTAACACATCCAAGCCGaGC 

J : I J J J ! : ! : : J : : : : I : : : 
Sbict:5l CTAACACATCCAAGCCGAGC 
Qttwy:41 GGTATTTCTCTTTCGCG ACA 



• • ! • ! 



Sbjci;71 CGTATAGATTCTTCOOAATC 
Quefy:6l GAGAGAGCOGAOTACGGGTC 

Sbjct:9I TAGAO ACCGOCOTACGGGTC 
Query:!! CCCAACACGTGTGCAAC CTa 

:•:!:::::!::::::!::: 

Sbjecni CGGAACACOTOTGCAACCTa 
QuerrlOl CCTTTATCAOOCCCATAOCC 

: f I :::::! I :::):: • 

Sbjct.ni CCNTTATCAGCGGCATACCC 
Query.Ul TTTCGAAAGGAAGATTAATA 

Sbict:151_ TTTCGAAAGGAAGATTAATA 
QiMrrl41 CCCCATAATATATTCATTGG 

: : : j i : : ; : i : : j : : : : : 

Sbjccni CCCNATAATATATTCACTGG 
QmrW CATCAGTTACTATTCACAAC 

• •tl**' I!*'** 11. 

i*i«t«i lt>i«* til 

Sbjct:19l CATCAGTCCATATTGAAAAC 
Query:lll TCCCGTGGATAGAOATOGTC 



i t ( « I 



SbjctZll TCCGGTGGATAGACATGGGC 
Qucry:201 A C G C 



Sbjct:23t A C 0 C 
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(b) Used primer 3F-Link 

Identities = 208/330 (63%). Positives = 208/330 (63%) 

Q«nr:l ° A T A T T A C T T A C A A C A C C A A 

Sbi«:69J C A T A T T A C T T A G A A C A C C A A 
Q««y:J. T T 0 C C A G G G A N 0 T T C A C T A T 



Sbict:7,5 T T C C G A A 0 G C A C G T C A C T A T 

Q«««r*l CTNTNACCTQATGCKOATGN 

Sticum C T T T T A A C T O A C O C T C A T C G 

Q-y:«: CCOAAAOTCNGNTOACTGAA 

' i ; ! : ; : , 

S««:755 ACCAAAGCOTGOOCAGCCAA 

Q-re> C A O C A T T A 0 T T N C C A T C G T C 



! ' • * 



Sbjc.:775 CAOOATTAGATACCCTCOTA 
Q^-lOl C K C C A C 0 N C 0 T N C A C .V A T N T 



Sbiec795 G T C C A C 0 C C 0 T A A A C C A T G C 
Q^.m TATCTCCNTTNTGCCATTAN 



A 



Sb/«:II5 TAACTCCTTTTTOGGCTTT 
Q«y:Wl. NAGTKCAGCCAOTAACANAG 

' * It: } I ; : : 

Sbj«:l35 OGCTTCACACACTAAOcoiA 
OwnriHI AGTNGTATONNACNCACCNO 

' * ' ' ' •' .' ; ! I • ' 

Sbjei:«4S AGTGATAAOTTAGCNACCTG 
NCGNCTCNGTTCCCACCTTT 



f ! i • « 



Sb,ct:S6S CGCAGTACCTTCGCAAOAAT 
Queor:20I CGaantcaOCNTCCTOCCOO 

'-'■it: . . . 

Sbj«:a85 GAAACTCAAAOGAATTGACG 
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Qttery:20l NTGCCCNNTACACNCTCTCN 

Sbje<:905 CONNCCNGCaCAAGCGGTGG 
Qiiery:22: TTTATATNCTNTAANGCGTT 

**•• i It a, . 

titi t ■• III !, * 

Sbjct.-925 ATTATGTGGTTTAATTCCAT 
Qtt«ry:241 KATNCNAGaGGOTCCTNACC 
: J ; I ; : J : : : : s : 

Sbjci:945 GATACGCGAGGAACCTTaCC 
QueTy:26l ANCNTTNNTTNOGGTCNTCC 

• • ! Ill' i 

Sbja.-965 AAGGCTTAAATCCCAATTGA 
Querr.281 CAGCCTTCGTCTNTACTTGT 

i i : i : : • • 

Sbj«:983 CAGOTTTaGAAATAGACTTT 
Qwery:30I ONTTCCGACA 



• I I I 



Sbjci:1005 TCTTCGGACA 
(c) Used primer 3R-Unk 

Identities = 128/162 (79%), Positives = 128A62 (79%) 

Query:l62 TTNTTGOGNATAANACCGNC 
II : J : J J ; ; : ; : ; 

Sbjct:552^ TTTATTOGOTTTAAACCGTC 

Qtteffy:U2 CNTCNOCOOACCTGTAAATC 

I • i*|ii i«»«f«iii 

• I itiii (tiittiii 

Sb9aii572 COTAOCCGOATCTCTAAGTC 

Query:l22 ATTCOTGATATCTCAOACCC 



• » ! ! 



Sbjci:392 ACTGCTGAaaTCTCATAGCT 
Q««ry:l02 TGTCTATGCGACTACCATTG 



• I • • 



Sbjet:6l2 TAACTATGaaACTGCCATTG 
Qu«ry:82 ATGCTCCaGGTC ATGAGT CT 



Sbjci:6a2 



ATACTGCAGCTCTTCACT AA 
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Example 4 

Culture of Flavobacterlum balustlnum P104 

(1) Measurement of the concentration of bacterial cell 

The culture solution obtained in Example 2 was 
5 diluted with physiological aqueous saline to ensure that 
0-5 cells were contained in a bacterial counter cell. The 
cells were countered with an optical microscope. The 
turbidities of the culture dilutions were measured 
spectroscopically at 660 nm to obtain the correlation 
10 between the cells and turbidity • The relationship between 
the turbidity and the bacterial cell concentration of 
Flavobacterium balustinum P104 were represented by the 
following equation: 

(Cell/ml) - 1.13 X 10^ X Abs. 660 nm 

15 wherein 

1.13 X 10^: a factor obtained from the 
calibration curve. 

(2) Influence of pH 

The bacterial strain was cultured at various 
20 initial pHs of the protease producing culture medium in the 
range from 5 to 9 in order to examine the influence of the 
initial pH on exoprotease activity and growth of it. 
The results are shown in Figure 2. 
In an alkaline pH, the proliferation was 
25 significantly lowered and the protease activity was also 
lowered. However, insignificant difference was observed in 
either the proliferation or the protease activity in an 
acidic pH range. The bacterial strain proliferated best and 
the protease activity was maintained at the highest level 
30 in a neutral pH range. 

(3) Influence of culturing temperature 

Flavobacterium balustinum P104 was cultured at a 
various temperature in the range from 10 to 30^ to examine 
the fluctuation of the exoprotease activity and the 
35 proliferation with the passage of the cultur . 

The results ar shown in Figur 3* 
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While the bacterial strain was grown well at either 
temperature of 10 or 20'C, the proliferation rate at ao^C 
was about half of that in a stationary state at lO'C or 
20X;. The strain exhibited the highest proliferation rate 
5 at 20'C, so that the optimal temperature for culture is 
believed to be about 20^ . 
Example S 

Purification of protease derived from Flav. balustintjun P104 
(1) Culture of bacterial strain 

10 The isolated bacterial strain obtained from the 

following stock culture medium was inoculated into 25 ml 
of the following pre-culture medium ( in a 100 ml Erlenmeyer 
flask) and rotary shake -cultured at 150 rpm in TAITEC NR-80 
at 10^ for 48 hoxirs. Regular culture was carried out by 

IS inoculating 0.25 ml of the pre-culture solution in 25 ml 
of the following regular culture medium in a 10 ml 
Erlenmeyer flask and rotary shake- culturing the solution 
at 150 rpm at lOX) for 72 hours. 

20 Stock mediua: 



Polypeptone 



3 g/1, 
2.5 g/1, 
20 g/1, 
0.2 g/1, 
20 g/1. 



Enzyme extract 



Sodium casein 



25 



MgS04 • THjO 

Agar 

pH 7.0 



Pre-culture medium: 



Polypeptone 
Enzyme extract 



3 g/1, 
2.5 g/1. 



30 



Sodium casein 



1 g/1. 
0.2 g/1. 



MgS04 • 7H2O 
pH 7.0 



Regular culture medium; 



35 



Polypeptone 3 g/1, 
Enzym extract 2.5 g/1^ 
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Sodium casein 5 g/1, 
KH2PO4 • 7H2O 3 g/1, 
MgS04-7H20 0,2 g/1, 

pH 7,0 

5 Materials such as the culture media were sterilized 

with a high pressure steam in an autoclave at 1.2 kgf/cm* 
gauge (120'C} for 15 minutes. 

Flav. balustinum P104 was stocked in an agar plate 
for stock at lO'C. it was subcultured for a period from 2 
10 weeks to 1 month. 

(2) Purification of protease 

(a) Salting out with ammonium sulfate 

The culture solution obtained in the preceding step 
(1) was clarified by centrifugation (17,000 X g at 4^ for 

15 15 minutes)* The supernatant was used as a crude enzyme 
solution. Ammonium sulfate was added to the crude enzyme 
solution to ensure that the solution contained ammonium 
sulfate at 50% of the saturated concentration. After slow 
stirring for 1 hour, the solution was sedimented by 

20 centrifugation (17,000 x g at 4X) for 15 minutes) to give 
a 0 - 50% saturation fraction. The added amount of ammonium 
sulfate in the saturated concentration at 25^ was used as 
the amoxint ammonium sulfate added. 

(b) Gel f41tration 

25 Gal filtration was next carried out on a HiLoad 

16/60 Superdex 200 prep grade column. All of the operations 
in colunui chromatography were carried out at 4^ with 
HiLoad System 50 (Farmacia Biotec Co. ) as a chromatography 
system. 

30 The HiLoad 16/60 Superdex 200 prep grade column was 

equilibrated by flowing a 20 mM Bis-Tris buffer (pH 6.0) 
at a linear rate of about 60 cm/hour in a proportion of at 
least 3 (400 ml) to the gel volume. A 5 ml portion of the 
sample enzyme solution which had been subjected to salting 

35 out with ammonium sulfate was load d on the column with a 
Super loop. The column was eluted with 20 mM Bis-Tris buffer 



wo 9605499 




PCT/US96/02115 



-24- 

(pH 6.0) as an eluent at a linear rate of about 60 cm/hour 
to collect 5 ml fractions. 

The elution curve is shown in Figure 4 . 
As the exclusion limit, a transparent yellow 
5 protein having a high molecular weight which had been 
contained in the culture solution was eluted. As the 
subsequent fraction having a ultraviolet absorption at 280 
nm, a colorless transparent protein was eluted. The 
fragment attached to the protease seemed to removed because 
10 of the existence of protease activity in this fraction, 
(c) Column chromatography 

Ion exchange chromatography was next carried out 
with a Q Sepharose HP column. A column of 4> 0.7 ^ 12.5 cm 
made up of 5 HiTrapQ (1 ml) coliimns connected in series was 
15 used as the chromatography column. The column was 
equilibrated by flowing a 20 mN Bis-Tris buffer (pH 6.0) 
at a linear rate of about 35 cm/hour in a proportion of at 
least 5 (25 ml) to the gel volume. 

The sample enzyme solution of the fraction eluted 
20 by the gel filtration and having an protease activity was 
loaded on the column with a Superloop at a linear rate of 
about 17.5 cm/hour. The column was eluted with 80 ml of 20 
mM Bis-Tris buffer having IM NaCl added thereto by the 
linear ion strength increasing gradient (0 - 150 mM) at a 
25 linear rate- of about 35 cm/hour to collect 2 ml fractions. 
The elution curve Is shown in Figure 5. 
In addition, the purification procedure described 
above is summarized in the following table. 
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Table 4 

Summary of the purification of protease 





Amount 
(ml) 


Protein 


Enzyme 
activinr 

ACU) 


Spedftc 
acttviw 

ACU- 

J^'\l 


Recovery 
rate {%) 


Purification 
degree (x) 


Cultured maiehai 


270 


13.0 


365 


28.1 


100 


1 


Salting out with 
ammonium sulfate 


5 


3.38 


273 


80.8 


74.8 


29 


Gel filtration 


25 


0.752 


77.7 


103 


21.3 


3.7 


Ion exchange 
duTxnatogniphy 


18 


0.154 


29.3 


190 


8.03 


6.8 



Example 6 

Determination of the purity and molecular weight of 
protease 

( 1 ) Electrophoresis 
15 (a) SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 

A 10% polyacrylamide gel having a thickness of 1 mm 

was used. Electrophoresis was carried out by applying 20 

mA of an electric current to the gel until Bromophenol Blue 

(BPB) reached the lowermost terminal. The gel plate was 
20 stained with an aqueous mixture of 30% methanol and 10% 

acetic acid having 0.02% Coomassie Brilliant Blue R250 

dissolved therein for 1 hour and then decolored with a 

decolorant *( 30% methanol and 10% acetic acid) overnight. 

The molecular weight of the protease was determined 
25 by SDS-PAGE with phosphorylase, albumin, ovalbumin, 

carbonic anhydrase, trypsin inhibitor^ and a-lactalbumin 

as the markers. 

The results and calibration curve of SDS-PAGE are 

shown in Figures 6 and 7. The enzyme exhibited a single 
30 band and thus is considered to be a single protein but not 

of a sub-unit structure. 

(b) Gel filtration 

The molecular weight was determined by the gel 

filtration method with Hiprep 16/60 Sephacryl S-lOO HR. The 
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column was equilibrated by flowing a 50 mM phosphate buffer 
having 0.15 M NaCl added thereto (pH 7.0) at a linear rate 
of about 30 cm/hour in a proportion of at least 3 (400 ml) 
to the gel volume. A 1 ml portion of the sample enzyme 
5 solution was loaded on the column, and eluted with the same 
buffer as above at a linear rate of about 30 cm/hour to 
collect 2 ml fractions. The excluded volume was determined 
for Blue Dextran 2000 with albumin (67 kOa), ovalbumin (43 
kDa), chymotrypsinogen A (25 kDa), ribonuclease A (13.7 

10 kOa) as the standard proteins. 

The results are shovm in Figure 8. In addition, the 
ultra-violet absorption at 280 nm of the protein and the 
enzyme activity were accorded with each other. The ultra- 
violet absorption curve of the protein also exhibited a 

15 maximum absorption at 278 nm with no visible absorption. 
The protein was considered from these observations to have 
a purity satisfactory for examining the properties of it. 
Exeunple 7 

Isoelectric focusing 

20 Isoelectric focusing was carried out with a Phast 

system ( Farmacia-Biotec Co. )• IEF3-9 gel was employed, and 
the sample was loaded at the point on the gel at a distance 
of 3 cm from the anode. Electrophoresis was carried out 
under the condition of 2,000 V, 2.5 mA at IS'C and 410 Vh. 

25 The gel pla'te was stained by fixing with a 20% TCA solution 
at 20^^^ for 5 minutes, and washed with a rinsing and 
decoloring solution (30% methanol and 10% acetic acid) for 
2 minutes. The plate was finally rinsed and decolored with 
a solution having 0.02% Coomassle Brilliant Blue R250 

30 dissolved therein at 50^0 for 10 minutes. A Broad pi 
Calibration kit (Farmacia-Biotec Co.) was used as a pi 
marker . 

The results and calibration curve of the 
isoelectric focusing are shown in Figures 9 and 10. 

Th enzyme was stained substantially as a single 
band having an isoelectric point at pH 4*5. 
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Example 8 

Influence of pH on enzyme reaction 

Azocasein was decomposed with the enzyme at various 

pHs. 

5 Buffer solutions in the reaction mixture had a 

concentration of 67 nM and comprised an acetate buffer (pH 
4 - 5.S), KH2P04-Na2KF04 (pH 6.0 - 8.0), Na2B407-HCl (pH 8.0 
- 9.0), Na2B407-NaOH (pH 9.5 - 10.0), and Na2HP04-NaOH (pH 
10.5 - 12.0), xrespectively. 
10 The results are shown in Figure 11. 

The relative activity of the enzyme at pH 7.5 as 
the optimal pH was maintained at a level of about 80% in 
the pH range from 6.0 to 10.0. The enzyme was thus found 
to act over a considerably wide range centering around 
15 neutral pH. However, the enzyme did not work quite 
satisfactory in the ranges of pK 5. 5 or less or 10.5 or 
more, and it was inactivated at pH 12 to lost the protease 
activity. 
Example 9 
20 pH stability of protease 

The enzyme was examined in buffer having various 
pHs with an Econo^Pac ( Biorad Co . ) - Buffer solutions used 
had a concentration of 67 mM and comprised an acetate 
buffer (pH 4 - 5), KH2P04-Na2HP04 (pH 6 - 8), glycine-NaOH 
25 (pH 9 - 10 K and Na2HP04-NaOH (pH 11 - 12), respectively. 
After exchanging the buffer, the enzyme was incubated at 
20'C for 1 hour to evaluate the survived protease activity. 
The results are sho%m in Figure 12. 
It was found that the enzyme was stable over the 
30 range of pH from 6.0 to 10.0 under the condition at 20^0 
for 1 hour, but inactivated at pH 4.0 and 12.0 under the 
same condition as above. 
Example 10 

Influence of temperature on enzyme reaction 
35 Azocasein was decomposed with th enzyme at various 

pHs at a reaction temperature in th range from 0 to 70'C. 
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Similar reaction was conducted for commercially 
available enzymes such as Subtllisin Carlsberg, V8 protease 
which was the protease derived from Staphylococcus aurcub 
V8, Sabinase ( Novonordlsc ) and Alkalase ( Novonordisc) . 
5 The results represented by Kcat on the assumption 

that the substrate is present in an excess amount and thus 
the enzyme is all present in the form of an enzyme- 
substrate complex is sho%m in Figure 13, in which □ 
represents the enzyme, O represents V8 protease, O 
10 represents Subtllisin Carlsberg, A represents Sabinase, 
and V represents Alkalase. 

It was found that the enzyme had an optimal 
temperature at 40'C and was rapidly inactivated at an 
enzyme reaction temperature over the optimal temperature. 
15 It was also found that all of the commercially available 
proteases had an optimal temperature of SO'C or more and 
that the Kcat value of the present enzyme was higher than 
any of those of the comparative proteases in the range from 
10 to 40^;. 
20 Example 11 

Temperature stability of protease 

The present enzyme was maintained at a temperature 
in the range from 20 to SOt, The variation of the activity 
with the passage of tine is shown in Figure 14, in which 
25 □ represents the variation at 20"C, O at ao'C, O at 40^:, 
and A at SOX. 

The enzyme was scarcely inactivated at 20^ or 30"C, 
but it is gradually inactivated at 40'C to about 60% of the 
protease activity at 20^ or 30*C after 1 hour and rapidly 
30 inactivated at 50^ to completeness in about 15 minutes. 

The present enzyme is considered to be unstable to 
heat^ since the above temperatures are lower than the 
optimal temperature of the comparative proteases employed 
in the preceding experiment. 



35 
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Example 12 

Influence of inhibitors 

Phenylmethyisulfonyl fluoride (PMSF) acting on 
serine protease, iodoacetafflide (lAA) acting on cysteine 
5 protease, ethylenediaminetetraacetic acid (EDTA) acting on 
metal protease, o-phenanthroline, 2,2''-blpyridyl, and a 
citrate and an oxalate specifically acting on calcium were 
employed as the inhibitors. After various concentrations of 
the inhibitors were added to the enzyme reaction system, it 
10 was maintained at 20^ for 1 hour to examine the survived 
protease activity. 

The results are shoim in the following table. 

Table 5 

15 Influence by inhibitors 



Inhibitor 


Concentration 


Survived activity 
(%) 


None 


10 mM 


100 


PMSF 


10 mM 


99 


Iodoacet2unide 


10 mM 


94 


EDTA 


10 mM 


8 


o- Phenanthroline 


10 mM 


91 


2,2^-Bipyridyl 


10 mM 


39 


Citrate 


10 nM 


41 




100 mM 


0 


Oxalate 


10 mM 


45 




100 mM 


0 



The protease activity of the enzyme was not 
inhibited by PMSF or lAA, but noticeably inhibited by EDTA, 
30 2,2'-bipyridyl, a citrate or an oxalate. It was found from 
these observations that the protease activity is metal ion 
dependent, and thus the present enzyme is a metal protease* 
It is also considered from the inhibition by a citrate or 
an oxalate that the protease activity depends on calcium. 
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EKample 13 ; 

Influence by protein denaturing agents 

SD5 and urea were used as the protein denaturing 
agents. After various concentrations of the protein 
5 denaturing agents were added, the enzyme reaction system 
was maintained at 20t} for 1 hour to examine the remaining 
protease activity* 

The results for SDS and urea are sho%m Figures 15 
and 16, respectively. 
10 The protease was inhibited by SDS even in quite a . 

low concentration and completely inactivated to 
completeness with 0.25% of SOS, The protease was not 
inhibited by urea in a concentration up to 2 M, but it was 
inhibited to about 40% by 3 M urea and completely 
inactivated by 4 M urea* 
Example 14 

Influence by metal ions 

AgNO-j, CuSO^, ZnS04, CoSO^, FeSO^, MnSO^, CaCl2 and 
MgSO^ were employed as the metal soiirces. After the metal 
salt was added to ensure that the final concentration was 
1 mM, the enzyme reaction system was maintained at 20'C for 
1 hour to examine the remaining protease activity. 

The results are shown in the following table. 



Table 6 
Influence by metal ions 



Metal ion 


RMWlnlng activity (t) 


None 


100 


Ag* 


11 




44 


Zn2+ 


61 


Co2+ 


63 
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Fe2+ 


76 


Mn2 + 


95 


Ca2+ 


100 


Mg2+ 


100 



The present enzyme was extensively inhibited by 
Ag"*", Cu^*, Zn^^, Co^*, and Fe^"*^. Above all, when inhibited 
with Ag^, only 10% of the protease activity was survived. 

The present ensyme was not inhibited by Mg^* or Ca^* at 
10 all. 

Example 15 

Substrate specificity 

Casein ( Hafflmarsten ) , dimethylcasein , gelatine , 
hemoglobin, bovine serun albximin, and ribonuclease were 
IS employed as the substrate proteins to measure the 
proteolytic activity by the modified Anson method. 
Azocasein and azoalbumin were used as the azoprotein 
modifying proteins. 

The results are shown in the table below. 

20 



Table 7 
Substrate specificity 



Substrata (1%) 


Hydrolysis rate (t) 


Casein (fianmairstan) 


100 


Oimethylcasain 


93 


GalatliM 


53 


Hemoglobin 


18 


Bovine serum albumin 


17 


Ribonuclease 


0 


Azocasein 


100 


Azoalbumin 


20 



The enzyme of the present invention decomposes well 



wo 9605489 



PCT/DS9M)2115 



-32- 



high molecular proteins and denaturated proteins such as 
casein and dimethylcasein, and also decomposed gelatine as 
the collagen denaturated protein in about 50% on the basis 
of casein. The enzyme scarcely acted on the other natural 
5 proteins, and it did not act particularly on ribonuclease . 
Example 16 

Enzyme reaction kinetics with casein 

The Lineweaver-Burk plots at various temperatures 
from 5 to 40'C were obtained with solutions containing 0.05 

10 - 1% of casein as the substrate. The plots are shown in 
Figure 17, in which the upper graph (A) illustrates the 
change in 1/v value in the range of 0 to 2.0, and the lower 
graph (B) illustrates the change in 1/v value in the range 
of 0 to 0.2. In the figure, □ represents the plots at 

15 5=C,0 at 10^, O at 20X;, A at 30^, and V at 40^. 

The kinetic constant of the enzyme reaction was 
obtained from the Llneweaver-Burk plots as shown in the 
table below. 



Table 6 

Substrate specificity 





Substrate (1%) 


Hydrolysis rate (%) 




Casein (Hanmarsten) 


100 




Dimethylcaseln 


93 


25 


Gelatine 


53 




Henoglobln 


18 




Bovine serum albumin 


17 




Ribonuclease 


0 


30 


Azocaseln 
Azoalbumln 


100 

20 



As is apparent from the table, the enzyme 
exhibited a reaction rate of the Michael is-Mentne type for 
the concentration of casein. The Km value decreased and the 
Vmex value Increased with the increase of temperature. The 
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enzyme activity was inhibited in a high concentration of 
casein at 5'*C and 10^, In general, the enzyme tends to be 
inhibited in an excessive concentration of a substrate. 
However, the enzyme did not inhibited in 1% of casein at 
5 an increased reaction temperature. This is considered due 
to the increase of the Kcat value by the approach to the 
optimal temperalrure and little inhibition by the decomposed 
product of casein. It is also considered from the 
Lineveaver-Burk plots that the inhibition mode by 
10 temperature is of a mixed type. That is, it is considered 
that the influence of temperature is a non-competitive or 
uncompetitive inhibition, and the influence of the 
decomposed product of casein is a competitive inhibition. 
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What is claimed is ; 

1. A psychrophillc protease having the following 
physicochemical properties: 

- Specific activity and substrate specificity: it 
acts on casein and dinethylcasein to decompose them but 
does not act on ribonuclease; 

- Optimal temperature: it has an optimal acting 
temperature at about 40^; and 

- Temperature stability: under the condition of 
storage at pH 7 for 1 hour, it is scarcely inactivated at 
a temperature up to 30^^ but at 40'C it loses about 40% of 
the activity, and at SO'C it is rapidly inactivated so that 
the activity is completely abolished in about 15 minutes. 

2. A psychrophillc protease as claimed In claim 1, 
further having the following physicochemical properties: 

* Optimal pH: it acts optimally at pH 7.5; and 

- Stable pH range: it is stable at a pH in the 
range of 6.0 - 10.0 under the condition of storage at 20^ 
for 1 hour. 

3. A psychrophillc protease as claimed in claim 1, 
wherein the protease has a molecular weight of about 38 kDa 
as measured by SDS-PAGE and gel filtration methods. 

4. A psychrophillc protease as claimed in claim 1, 
wherein the protease has an isoelectric point of about 4.5 
as measured by isoelectric focusing. 

5. An isolated microorganism belonging to 
Flavobacterium balustinum , which is capable of producing 
the protease as claimed in any one of claims 1 to 4. 



6. An isolated microorganism belonging to 

Flavobacterium balustinxim as claimed in claim 5, wherein 
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the microorganism preferably grows at a temperature in the 
range of 10 to 20 "C. 

7. An isolated microorganism belonging to 
Flavobacterium balustinuro as claimed in claim 5« which is 
Flavobacterium balustinum P104 (FERM aP-5006). 

8. A process for preparing a psychrophilic protease « 
comprising the steps of: 

culturing Flavobacterium balustinum as claimed in 
claia 5, and 

collecting the psychrophilic protease as claimed in 
claim 1 from the culture. 

9. A procasa for preparing a psychrophilic proteasa, coapriaing 
the steps of: 

culturing Flavobacterima Balustipun as claiaed ia 
claia 6. and 

collecting the psychrophilic protease as claiaed in 
Claim 1 from the culture* 

10* A process for preparing a psychrophilic protease » comprising 

the scpes of: 

culturing Flavobacterium Balustinum as claimed in 
claim 7t and" 

collecting the psychrophilic protease as claimed in 
Claiia 1 from the culture. 
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